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Background. Safety and efficacy of radial and femoral access for coronary angiography (CA) performed by cardiology fellows remain to be evaluated.
Methods. In this multicenter prospective study, cardiology fellows selected the access-site (among femoral, right and left radial artery) for CA. Bleedings (all cause, major and minor) were the primary endpoint, while artery occlusion rate, success for access site, time of procedure and of X-ray the secondary ones. 
Results. Overall, 201 patients were enrolled.  Fellows choose right radial, left radial or femoral access in 164 (82%), 20 (10%) and 17 (8%) cases respectively. Bleedings were less frequent for radial access (18% vs. 30%, p 0.03), mainly driven by less minor bleedings (4% vs. 18%, p 0.04) without any difference in major ones. Radial artery occlusion did not differ among right vs. left approach (4% vs. 5%, p 0.76). Procedural time (minutes) was similar between radial and femoral site (23±9 vs. 22±10, p 0.91), as well as time of X-ray exposure (6±3 vs. 4±2, p 0.11), DAP (Gy/cm2: 17±11 vs 18±12, 0.74) and amount of contrast medium (106±81 vs. 84±43, p 0.89). Success for access was significantly higher with radial artery (89% vs. 71%, p= 0.004).




Transmission of knowledge in medicine represents an important aspect for physicians and fellows working in a university setting, particularly for interventional and surgical procedures (1,2). Interventional cardiology is one of the most rapidly developing branches in medicine, with constant increase in number and quality of procedures performed in last years (3-6). The need for standardization of training procedures, in this setting, has been advocated as a pivotal step to improve the learning process of young interventional cardiologists (7-8). 
	In recent years, the shift from femoral to radial access has become largely accepted, due to evidence of potential survival benefit in acute coronary syndromes (ACS) and reduction of access site complications (9-12). On the other side, doubts still remain for a described higher X-ray exposure with radial versus femoral approach, probably due to a more relevant technical challenges offered by radial access (tortuosity of the epiaortic vessels, small arterial lumen and vasospasm) and need for adequate learning curve for operators (13,14). Furthermore, a reduction in radiation dose and consequent patient and cardiologist exposition has been reported for left over right radial access (15-18).
Few data, moreover, were reported about the learning process of cardiology fellows under the mentorship of a trained Interventional cardiologist. A recent work by Balwanz et al (19) showed longer fluoroscopic and procedural times with radial approach when compared to femoral one during a training period in diagnostic angiography. This report can probably be justified by the before-mentioned anatomical issue and an easier improvement of transfemoral techniques with training.




In the present prospective multicenter study, cardiology fellows having already performed at least 50 CA were required to select the access site according to his/her experience (femoral or right/left radial) under the supervision of a trained interventional cardiologist.
Study population.
Inclusion criteria for patients were presence of patent right and left radial and femoral accesses deemed exploitable for Seldinger technique and execution of diagnostic-only CA. Radial artery patency was assessed using Allen test. Femoral artery has been considered an eligible access in absence of data (echodoppler or other imaging) of critical stenosis or of peripheral stenting or graft in site of access. Patients presenting with STEMI (ST Segment Elevation Myocardial Infarction) or undergoing staged PCI (percutaneous coronary intervention) were excluded. 
Procedures.
Independently from the chosen access, the procedure was performed using the Seldinger technique, with introduction of sheaths of appropriate caliber according to the target artery. Intraradial nitrates or calcium channel blockers were used according to operator’s preferences, while 5000 UI of enoxaparine was routinely administered for both radial and femoral access.

CAs were performed using Judkins catheters; use of any other catheter type was recorded.
All patients underwent CA according to the following projections. For the right coronary artery, default projections were 30° LAO (left anterior oblique), 30° cranial, 30° RAO (Right anterior oblique), and, if deemed necessary, lateral view (90° LAO). For the left coronary artery, default projections were 20° Caudal, 20° RAO/20° Caudal, 30° Cranial, 30° Cranial/30° LAO, 30° Cranial/30° RAO, 30° caudal /45° LAO (“spider view”) and, if deemed necessary, lateral view (90° LAO). 
Techniques exploited for access-site closure (manual vs. device) were recorded.
Data recorded.
Age, gender, burden of cardiovascular risk factor, renal function and indication for coronary angiography were recorded, as the type and caliber of the sheaths and catheters used. Radial and femoral artery patency were routinely evaluated by pulse palpation and auscultation before discharge. Arterial echo color-Doppler was requested when needed. All these baseline features, as well as the study end-points were analyzed and compared according to the use of radial vs. femoral access and of right vs. left radial access.
Study end-points and definitions.
All bleeding events relating to the access-site (a composite end point of major and minor bleedings) were the primary safety end-points. 
All complications, that is all bleedings (major and minor) along with radial occlusion were the co-primary safety end-points.
Major bleedings, defined as loss of hemoglobin greater than 3 g /dl or need for transfusion or surgery, were the secondary safety end-points (that is  BARC definition type 3 events, 14). The latter, along with minor bleedings (defined as any clinically overt sign of hemorrhage that does not fulfill criteria for major bleeding; BARC definition type 2 events) were secondary co-end points. Moreover, artery patency was evaluated by each cardiology fellow before patient’s discharge, and incidence of vascular complications was recorded. 
The X-ray exposure was evaluated by recording DAP (Dose Area Product; μGym2),
 total procedural time and time of radiation exposure.
Fellow’s performance was tested in terms of access-site success (defined as positioning of the sheath into the true lumen at the chosen access site and the subsequent advancement of the angiographic wire) for primary efficacy endpoint and incannulations of RCA (right coronary artery) and LM (left main) for the secondary end-points. 
Statistical analysis
Continuous variables are presented as means ± standard deviation or medians with interquartile ranges (IQR) and categorical variable are presented as frequencies (%). Categorical variables were compared with the Fisher’s exact test. Parametric distribution of continuous variables was tested graphically and with Kolmorogov Smirnov, and the appropriate analyses were used in accordance with the results (15). Logistic regression was performed to identify if experience of the fellow (200 vs. 50 angiographies), femoral access and diabetes mellitus were related to all cause bleedings. All statistical analyses were performed with SPSS 21 and differences were considered significant at α=0.05.

RESULTS.
From January to June 2015, 201 patients were prospectively enrolled. In 184 (92%) of them, fellows chose the radial access (164 right and 20 left one), while for the others 17 (8%) femoral access was exploited. Eight different cardiology fellows performed the procedure, six of them being male with a median age of 30 years.
Baseline features of included patients were recorded in table 1. Mean age did not differ among radial or femoral group (67±5 vs 64±4; p=0.67), as well as the burden of cardiovascular risk factors. CA before cardiac surgery was the main clinical indication in both groups, while stable angina tended to prevail among those approached by radial artery. 
	Complications.
	All cause bleedings were lower in radial cohort (18% vs. 30%, p 0.03) mainly driven by minor bleedings (4% vs. 18%, p 0.012), without difference in major one (0% vs. 1%;p=0.76, Figure 1 and Table S1, web  appendix only). Results were preserved even after stratification for enrolling centers. For patients in which radial access was chosen, rate of arterial occlusion at discharge did not differ between right vs. left side (4% vs. 5%, p 0.76, Table S1, web appendix only). Only one major complication was recorded: an iatrogenic dissection of the proximal left anterior descending artery, which was successfully managed with implantation of a drug eluting stent. Logistic regression analysis revealed that femoral access increased the risk of all cause bleedings, while greater experience of the fellow (200 vs. 50 angiography already performed) was protective (see Figure number 1 Table S2, web appendix only).
Radiation exposure.
	Procedural time (minutes) did not differ between radial and femoral (23±9 vs. 22±10, p 0.91), as well as time of X-ray exposure (6±3 vs. 4±2, p 0.11) and DAP (Gy/cm2: 17±11 vs 18±12, 0.74-Figure number 2 and Table S3, web appendix only). Moreover, no significant difference emerged according to right or left radial access (Table S4, web appendix only). Amount of contrast medium did not differ between radial and femoral (106±81 vs. 84±43, p 0.89) and between right and left radial access (110±51 vs. 105±45, p 0.76- Table S3 and S4, web appendix only)
Performance of the fellow.




The present paper aims to describe the interaction between choice of the access for coronary angiography by cardiology fellows and the related in-hospital complications, X-Ray exposure, procedural time and success rates.
The major findings are: a) femoral access is rarely chosen by cardiology fellows in every-day clinical practice; b) when obtained by in-training cardiology fellows, femoral access is associated with a higher rate of complications, along with a lower rate of success, as compared to radial one; c) no differences in terms of X-ray exposure were recorded between radial and femoral approaches.
	Our experience was focused on diagnostic coronary angiography, since, differently from PCI, it did not radically change over the last 10 years in terms of technical procedures, with a technological improvements regarding radial sheats in terms of reduction of external diameter and change to hydrophilic materials. In our observational study performed in two high volume catheterization laboratories, femoral access was rarely chosen for CA by cardiology fellow during their training period (less than 10% of patients). These data are inevitably related to the specific experience of the involved centers, but clearly reflects the contemporary clinical practice activity and are influenced by strong evidence of a safer profile of radial access in diagnostic as well as acute interventional setting (9-12).  On the other hand, our report largely differ from those reported by Balwanz et al (19), in which transradial access was used only in 35% of the cases. These differences may be related to the different enrolling time of the previous study (2010-2011 vs 2015) and to the geographical background in which it was conducted (United States of America), where the use of radial access was, at least in the beginning, less adopted as compared to Europe laboratories.
	The higher rate of complications related to femoral access, along with lower rates of success for the fellows, probably reflect the previously discussed shift to radial access as the default access-site with a consequent lack of confidence with older approach. It is interesting to note that no relevant differences in terms of prevalence of the most common predictors of vascular complications at baseline, such as age, gender and renal function, were observed in our study between the two groups. Consequently, the higher rates of bleedings with femoral access may not refer to a selection bias towards high-risk patients, but to the lower experience of young operators in an unfamiliar setting. Indeed, our data confirm those largely reported in literature (9-12) and strengthen the so called concept of “radial paradox” described in a propensity matched comparison by Azzalini et al. (20), i.e. a more relevant number of vascular bleedings with femoral access that may offset the benefit of radial access, especially with trainee physicians. On the contrary, Hulme et al. (21), demonstrated how, in the United Kingdom context, the widespread of radial access as the favorite one, did not negatively influenced femoral outcome, suggesting how, a well organized and balanced training system, can prevent the before-mentioned paradox. In Balwanz et al paper (19), depending on a very low events incidence, no significant differences in terms of bleedings complications emerged, even if a clear higher numerical trend against femoral access could be seen (5 major bleedings vs 0). On the other side, fellows showed a slower learning curve with radial approach compared to femoral one during the training. This observation appears in contrast with our results, but can probably be justified by an opposite interventional setting of the cited study: a sensible smaller sample size of radial access compared to ours, that probably did not allow fellows to gain the minimum needed number of cases to improve their technique particularly in the more challenging cases (e.g. vessel tortuosity).
	Regarding X-ray exposure, no differences have been registered between radial and femoral access (6±3 vs. 4±2, p 0.11). Our X-ray exposure times were similar or slightly lower when compared to those by Balwanz et al. (19) in which radial approach requested higher fluoroscopic time in the second half of the training [11.0 ± 8.9 and 6.7±6.8; p<0.001]. This report as other previously reported in literature (13) was not confirmed by our results, suggesting that with growing experience of high volume center, fluoroscopic times can be reduced even approaching by more challenging radial side.
	Choice between right (81%) and left (11%) radial access represents another important point of interest. The first one is usually preferred because catheter manipulation is easier than on other side. Although not significantly, success rate of fellows appeared to be lower with left radial access, even if with a similar rate of complications, probably reflecting, one time more, the lower experience with this access site. Another interesting topic is related to X-ray exposure. Previous publications on this topic suggested a lower X-Ray exposure, both for patients and operators, with left side radial approach (16-18). This report was more solid in training context, while it became less evident with senior operator and can be justified also by anatomical consideration such as less subclavian tortuosity on left side (17). Our data, although being limited by the non-randomized design and the small sample size did not confirm this finding.
	The present study has several practical repercussions. First of all, radial access should be taught as a first line technique for inexperienced operators, as it does not represent a major obstacle in the learning curve of young interventional cardiologists in terms of procedural success, despite the more difficult technical challenges as compared to femoral (lower caliber of the artery, risk of dissection and spasm, difficulty to advance wires and catheters in case of tortuosity of epiaortic vessels). This is of utmost importance in terms of patients’ safety, as radial access has been shown to be safer as compared to femoral, particularly in the acute coronary syndromes setting (9,10). Moreover, given the concerning reports of increasing access-site complication rates when femoral access is used, teaching of this latter technique should remain a pivotal part of training program of cardiology fellows. In fact, it is well known the importance of this type of approach in many critical clinical condition, such as cardiogenic shock, requiring ventilation or with a known complex coronary anatomy . Based on our study, interventional fellows could start their training from radial access; later on in the process, after they have gained more confidence with the Seldinger technique and the manipulation of diagnostic devices, they should be instructed to approach the femoral access. This would limit the access site complications at the femoral site (large hematomas, artero-venous fistulas, pseudo-aneurysms, retro-peritoneal hemorrhages), which are known to have a relevant prognostic effect, as opposed to radial access-site ones (mainly, radial thrombosis or dissection, vasospasm). Furthermore, choice of radial access in the early stages of interventional training does not imply a significant increase in radiation and contrast medium exposure, thus warranting patients’ safety. The present data may help physicians working in a university setting to develop a stepwise program for fellows in the cath lab in order to progressively guide fellows to the femoral access. 
LIMITATIONS
	Our paper shares some limitations, due to its observational and not randomized design. The low number of patients deemed suitable to femoral or left radial access from one side limits our conclusions, from the other mirrors a “real life” situation. Involved fellows were at very early stage of their training, so that they did not yet developed into “radialist” or “femoralist” operators. However, as their previous training mainly took place in the centers involved in the study, an imbalance towards a more frequent use of radial access in their early phases of their training may biased the present results.
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